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(1)Sample
I）Babylon,sancicntmudbrick
ユ）Babylon,sncwlymadcmudbrick
3）Babylon,sancicntbakcdbrick
４）Babylon,sncwlymadcbakcdbrick
フ）Harmin，sancientmudbjick
６）Harmin，sancientbumtbrick
(Abrick）
(Bbrick）
(Cbrick）
(Dbrick）
(Ebrick）
(Fbrick）
(z）AnalvsisMethods
エ）AnalysisofconstructivcclcmcntsbyfluorescentX-rayanalysis．
ｚ）Composition-analysisofcrystallincsbyX-mydiHraction．
;）Analysisofdehydrationanddecompositionbythcrmalanalysis．
(3)PcriodofMcasmcmcnts
DcCm,I979-Jan.，,エ98。
(4)RcsultsofAnalysis
Tablel9IdentificationofelementscontainedinbricksbyHuorescentX-ray
analysis・
TablezoIdentificationofcrystallinescontainedinbricksbyX-raydiHtaction・
Table21Weightlossbythermalanalysisandignition．
６）Discussion
Ｉ）IdcntificationofclcmentscontaincdinMcks
ThereisnodiHerenceofconstructiveelementsineachbrick、Mainelements
areCa,Ｓｉ，Ｆｅ，Ａ1,Ｋ，ＴｉａｎｄＭｇ,andmicroimpuritiesareCl，Ｓ，heavymetals
andrarcmetals・
BbrickcontainsmorerichC1insurfaceｌａＶｅｒｔｈａｎｉｎｎｅｒｐａｒｔａｎｄｓｏｉｔ
ｓｕｇgeststhatBbrickwassoakedinseawater・
ユ）IdentificationofcjVstallincscontainedinbjGicks
MaincrystallinｅｓｉｎｅａｃｈｂｒｉｃｋａｒｅＣａＣＯ３,a-SiO2andanorthite，ａｎｄthere
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ａｒｅａlittlecrystallinessuchasmicasandclayminerals
ButCaCO3andanorthitearenotdetectedinCandDbrick、Itsuggeststwo
ｒｅａｓｏｎｓ：
ｉ）RawmatcrialsaredifIercntbctwecnmudMckandbakcdbrick・
ｉｉ）Rawmatcrialsaresamebutthcyarechangcdinqualitybyburing・
Ａｎｄｓｏｗｅｈｅａｔｅｄｅａｃｈｂｒｉｃｋｆｂｒｌｈｏｕｒat8oooCtoinvestigatehowthey
changeinqualitybyburning・AfterthatweanalysedthembvX-raydiHraction・
Intheresult，ｗｅｆｂｕｎｄｔｈatCaCO3changedtoCaOandanorthitewasnot
changcdsubstanitally・Inadditionwcfbundthat（Ca,Ｍ9,Ｆc)SiO3obscrved
inbakedbrickswasnotnewlycreatedwhenmudbrickswerebaked、Thereisa
possibilitytocrcatc(CaMg,Ｆｃ)SiO3whcnthcyaとcbakcdathighcrtcmpcratu正，
ｂｕｔｗｅｃｏｎｓｉｄｅｒｔｈａｔｉｔｗａｓｎｏｔａｂｌｅｔoobtainsuchhighertemperatureinancient
time，Therefbre，wethinkrawmaterialsarediHerentbetweenmudbricksand
bakedbricks、
Hamrin,sburntbrickcontainsalotofCaS04.2Ｈ２０，ｓoweconsideritwas
notbumtactuaUy、
３）Thermalanalysis
ThreeendothermiｃｐｅａkswereobservedineachbrickexceptDbrick、
Weunderstandthatthebroadpeakataround7ooCisthedehydrationof
adhesivewaterorhygroscopicwater，ｔｈｅｓｈａｒｐｐｅａｋａｔａｒｏｕｎｄl2ooCisthe
dehydrationofCaSO4.2Ｈ２０ｔｏＣａＳＯ４,ａｎｄａｌｓｏｔｈｅｓｈａｒｐｐｅａｋａｔａｒｏｕｎｄ７３ｏ･Ｃ
ｉｓｔｈｅｄｅｃｏｍｐｏｓｉｔｉｏｎｏｆＣａＣＯ３ｔｏＣａ０．ＴｈerefbreCaSO4･2H20andCaCO3
arecontainedineverybrickexceptDbrick・
Dbrickwasnotchangedinweightwheｎｉｔｗａｓｂｕｒｎｔｔｏｔｈｅｔｍｐｅｒａｔｕｒｅｏｆ
８oooC,ａｎｄｆｂｒｔｈｉｓｒｅａｓｏｎｗｅｃｏｎｓｉｄｅｒｔｈｅｒawmaterialsofDbrickafedifIerent
fromothersortheburningtemperatureismorethan8oooC、
Fbrickhasthcpcakofdehydmtion(CaSO4.2Ｈ２０→CaSO4＋2Ｈ２０↑）andso
itissaidthatitwasburnt,butitwasnotactually．
(6)
ｴ）
Conclusion
Wcobservethatconstructiveelementsaresameineachbrickandsoweunder-
standconstructivｅｅｌｅｍｅｎｔｓｉｎｂｒｉｃｋｓａｒｅｓａｍｅｉｎｅａｃｈdistrict・
EachbrickiscomposedofCa,Ｓｉ,Ｆｅ,Ａ1,Ｋ,ＴｉａｎｄＭｇａｓｍａｉｎｅｌｅｍｅｎｔｓａｎｄ
ｍａｎｙｋｉndsofmicroelements．
EＸＣＡＶＡＴＩＯＮＳＡＴＧＵＢＢＡＡＮＤＳＯＮＧＯＲ２２５
z）EachbrickcontainsCaCO3,a-SiO2andanorthiteasmaincjVstallincs,andmicas，
claymineralsandnaturalgypsumassubcrystaUinesexceptCandDbrick・Cand
DbrickdonotcontainCaCO3but(Ca,Ｍ9,Ｆc)SiO3asmaincrystallinCAnd
Fbrickcontainsalotofnaturalgypsum．
;）WcconsidcrbumingtcmpcraturcofDbrickwashighcrthanthatofCbrick、
4）WeconsiderFbrickwasnotbumtactually．
TableI9IdentificationofelementscontainedinbricksbyHuorescentX-rayanalysis
Flementscontnined Remnrks
Ｎｏ．
MuchMediu1m Little
Sur－虚coMi,F･雛,塁layer
Ｂａ，Ｚｕ,Ｙ，Ｓｒ
Ｒｂ，Ｚｒ,Ｃｕ，Ｃｏ
Ｃｒ,Ｃｅ,Ｎｉ,ＭｕBabylon,ｓ
ａｎｃ１ｅｎｔ
ｍｕｄｂｒｉｃｋ
Ｉ
lnner-do-part -do- ‐do－
Sur-
face
layer
-do－ -do- ‐do‐ C1isricherthaninnerpart．’駕繍。 lnner-do-part -do－ ‐do－
Sur-
face
layer
-do‐ -do－ -do－
Babylon,s
anc1ent
bakedbrick３ Tnner -do-part ‐do- -do－
Sur-
face
layer
C1andnotdetected
substantially．Ａ1,Ｋ,ＴｉＭｇ-do- -do-`髻鱗ｆｆ ＣｌａｎdSarenotdetected
substantially・ZnisricherthansurfkLcelayer．
Tnner -do-part -do－ -do－
Ｈａｍｒｉｎ,s
z1nc1ent
mudbrick
Ａ1,Ｋ,Ｔｉ
Ｍｇ,Ｃ1,ｓWhole-do- ‐do‐フ
Ｆｅ,Ａ1,ＫＢａ,Ｚｒ,Ｙ,Ｒｂ
Ｃａ,ＳｉＴｉ,Ｍｇ,Ｃ１Ｚｎ,Ｃｕ,Ｎｉ,ＣＯ
Ｓ，Ｓｒ Ｍｕ,Ｃｒ,Ｃｅ
Sur-
face
laye
ＦｅｉｓｌｉｔｔｌｅａｎｄＳ,Ｃ１ａｎｄ
Ｓｒａｒｅｍｃｕｈｃｏｍｐａｒｅｄｗｉｔｈｏｔｈｅrbricks．Ｈ２ｍｒｉｎ's
ZnnC1erut
burntbrick
６
lnner-do-＿do-part -do－ -do-
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Table2oIdentificationofcrystallinescontainedinbricksbyX-raydifItaction
Crystallinesidentified
RemnrksＮｏ． Heatedfbrlhouz
at8oooCorigmal
Sur-
BLce
layer
CaCO31a-SIO21anorthite*１，illite*２
mOntmO'PillOnite*３Babylon，ｓ
２ｎＣ１ｅｎｔ
ｍｕｄｂｒｉｃｋ
Ⅱ
CaO,a-SiO2，anorthitejllife 鯛:謡霊}:ＩＦ鉱Tnnerpart -do‐
Sur-
face
layer
-do－
』;雛(i(。 ＣａＯ,a-SiO2，
anorithitejllite
Tnner
part -do－
Sur-
ELce
layer
ａ－ＳｉＯ２，
票嘉瀧 Fe)SｉＯ３Babylon,ｓ
anC1ent
bakedbrick３ lnrler
part
ａ－ＳｉＯ２
(Ca,Ｍ9,Ｆc)SｉＯ３-do‐
Sur-
fkLce
layer
-d-o
Babylon'ｓ
４８:麗雛 lnner
Part
ａ－ＳｉＯ２
(Ca,Ｍ9,Ｆe)SｉＯ３-do－
WholeＨａｍｒｉｎ,s
2ncient
mudbrick
!；;:SlH鍬?”銘(K1iEPlfl＆
montmorillonite
，
Sur-
face
layer
ＣａＣＯ３,a-SiO2，
CaSO4･ZH20
anorthitemontmorilloniteHznmTin，ｓ
ａｎＣ１ｅｎｔ
ｂｕｒｎｔｂｒｉｃｋ
６
TnneT
Part
a-SiO2
CaSO4,ＣａＯ-do‐
*１CaAl2Si208
*２（K,Ｎａ,Ｃａ)２０.う.うう(Ｍｇ,Ｍｎ)０．４６(A1,Ｆｃ,Ｔｉ)203.ｴ6(Si,Ａ１)02.4Ｈ２Ｏ
*３Ａ1203.4SiO2.Ｈ20,ｎＨ２０
EＸＣＡＶＡＴＩＯＮＳＡＴＧＵＢＢＡＡＮＤＳＯＮＧＯＲ２２７
Table2IWeightlossbythermalanalysisandignitionloss
Weightlossbythermalanalysis Igf)ｌｌｍ
(8...Ｃｘ
Ｉｈｒ）
ＤＴＡｐｅａｋ(Endothermic
Peak)*’
Ｎｏｔｅ
(CaCO3)*２Ｎｏ． Ｒｏｏｍ 巧ｏ－
８ｏｏｏＣＴｏｔａｌperature-’ｍｏＣ
Sur-
face
layer ２β％Ⅱ,う％Ⅱ;９％Ⅱ"６％壱｡CIさ｡Ｃ７ざ｡Ｃユル7％Babylon's
2ncient
mudbrick
Ｉ
70｡CI20oC740oCz8､２
⑧⑧⑧
lnnef z､Ｚ’ｚ､４１４．６，フｐｚＰａｒｔ
Sur-
fklce
layer
7..ＣＩｚﾌﾟＣ７２ｊｏＣ；1.6
⑧⑧⑧３．６１３．９１７.フ１８．７８,ililiiIiiijij。 70.ＣＩｚﾌﾟＣ７４３｡Ｃﾗﾌ.７
⑧⑧⑧
lnnef z･Ｉ巧･７１７．８１７．９６part
Sur-
fAce
layer
70.ＣＩＩ,｡Ｃ７０ﾌﾟＣ
⑧⑧⑧
6.1
o､2２２．７２．９４．３１Babylon's
ancient
bakedbrick３ 7ＳｏＣＩｚｏｏＣ７１０ｏＣＩｏ.;
⑧⑧⑧
Inner 。.，４４．６フ.’６.”part
Sur-
fnce
layer
１１，｡Ｃ
⑧０００．１１。`篭！【菫i'。 ４ＣｏＣｏ００．ｏｚ
⑧
Tｎｎｅｒｏ
ｐａｒｔ
H2mrin,s
ancient
mudbrick
6ﾌﾟCIzooC74ooCz7･フ
⑧⑧⑧２．２１Ｚ･’１４．３万.ｏ８フ
Sur-
fAce
layer
8ｏｏＣＩ苑｡Ｃ７４ﾌﾟＣ；９．１
⑧⑧⑧;･’１７.ｚｚ２.３ｚｚ・苑Ｈ２ｍｒｉｎ,s
2ncierlt
burntbrick
６
70.CIうooC74fC40.,
⑧⑧⑧
InneT z､８，７．８２o､６ｚｚ６８ｐａｒｔ
*１Ｔｈｅｐｅａｋａｔａｒｏｕｎｄ７ｏｏＣ：Thedehydrationofadhesivewaterorhygroscopicwater
ThepeakataroundlzooCCaSO4･ｚＨ２０→CaSO4＋ｚＨ２０↑
Thepeakataround73ooC：CaCO3→ＣａＯ＋ＣＯ２↑
*zWcight％ofCaCO3calculatcdbywcightlossataround73｡｡C、
⑧Broadpeak
⑧Sharppeak
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“”んｊ
(I）Babylon'sancicntmudbrick
（２）Babylon，sncwlymadcmudbrick
(;）Babylon,sancientbakedbrick
(4)Babylon'sncwlymadcbakcdbrick
Ｉ．
(AbjEick）
(Bbjick）
(Cbjick）
(Dbrick）
２．ＭしaJw/ｗｗ"な
Surfacetensile-strengthbysurBLcetensiontest
PermeantdepthandamountofRF-Ioointobricks
Water-resistanttest
Weather-resistanttestbysunshineweathermeter
Abrasion-resistanttest
(1)
（２）
（３）
(4)
(〕）
3．Ｐ`池`ヴ”`α…"`"な
，cc・’1,ｴ979-Jan､9,198。
４．Ｋ'鮴〃"〃
（ｴ）Surfacctesilc-strcngthbysujfacctcnsiontcst
(Unit:ｋg/cm2）
ＬａｉｄｐａｒｔSidefacekindsofbrick
NottreatedTreatedRF-IooNottreatedTreatedRF-,CＯ
Ａｂｒｉｃｋ
Ｂｂｒｉｃｋ
Ｃｂｒｉｃｋ
Ｄｂｒｉｃｋ
。．，。。.;，
ｚ･o４
３．）３
１１．４６
○.９， ｏ･巧
ｚ・ｏ８
ａＩフ
1７．４０
13.8。 ＩＣ･Ｉ；
Thefigureintheabovelististheaverageofthreetimestests．
（２）PermeantdcpthandamountofRF-ｴ｡ointobricks
Permeantdepth Permemt＊ＡｍｏｕｎｔkindSofbrick
LaidpartSideface
１．９ｋｇ/cｍ２
２．７
Ａｂｒｉｃｋ
Ｃｂｒｉｃｋ
ヨーフｍｍ
３－Ｉｏ
３－フ、ｍ
フー2４
＊Dilutesolution(RF-ｴ｡o:watcz＝X:ｴ）
EＸＣＡＶＡＴＩＯＮＳＡＴＧＵＢＢＡＡＮＤＳＯＮＧＯＲ２２９
(;）Water-rcsistanttcst
Dippedinwaterlomin． Ｄｉｐｐｅｄｉｎｗａｔｅｒ４８ｈｒldndsofbrick
NottreatedTreatedRF-IooNottreatedTre2tedRF-Ioo
Cracking;YgHH墓 Breaking CrackingＡｂｒｉｃｋ
Swelling BreakingＢｂｒｉｃｋ
UnchangedUnchangedUnchangedUnchangedＣｂｒｉｃｋ
Unchanged UnchangedＤｂｒｉｃｋ
(4)Wcather-resistanttcstbysunshincwcathc正mcterfbrz4hours
Nottre2tedknidsofbrick TreatedRF-Ioo
SwellingslightlyＡｂｒｉｃｋ
Ｂｂｒｉｃｋ
Ｃｂｒｉｃｋ
Ｄｂｒｉｃｋ
ｄ
ｄ
Ｃ
ｅ
ｇ
ｇ
ｇ
ｇ
ｎ
ｎ
ｎ
ｎ
．
１
・
１
ａ
ａ
止
水
ｈ
ｈ
ｅ
ｅ
正
江
Ｈ
ｍ
Ｕ
Ｕ Unchanged
(ﾜ）Abmsion-rcsistanttestbyJIS-K-ﾌ49エ
kindSofbrick Nottreated TreatedRF-Ioo
Ａｂｒｉｃｋ
Ｂｂｒｉｃｋ
Ｃｂｒｉｃｋ
Ｄｂｒｉｃｋ
z･苑ｇ
Ｏ５０
ｏ･Ｚ,
0．３０
o､7０９
。．。，
Thefigureintheabovelististheweightgramsofbrickswhichabrasedby
droppingsandtothesurfaceofbricks
ﾌ．⑰"">、り〃
(Ⅱ）SujfAcestrcngthofbricks
BothAbrickandCbrick
permeatingofRF-Iootobricks，
haveverybrittlesurface・Butbypainitngand
thesurBlceofbricksstrengthensremarkably．
（２）ＰＣ正meantdcpthofRF-Ioointobricks
RF-IoopermeateddeeperinCbrickｔｈａｎｉｎＡｂｒｉｃｋ・Ｗｅｃｏｎｓｉｄｅｒｔｈｉｓｉｓ
ｔｈｅｒｅａｓｏｎｗｈｙＣｂrickhasmanymicroholeswhichwerecausedbyburning・And
soweconsiderthepermeantdepthofRF-IooissuHicientmCbrick，ｂｕｔｎｏｔ
230 dL-RJFYDJ｣WIJ98j
necessarilysufIicientinAbrick．
(3)Watcr-rcsistance
ltisobservcdｗｈｅｎRF-Iooispaintedandpermeated，water-resistanceis
improvedbothinAbrickandCbrick・EspeciallythatofAbrickisimproved
remarkably．
(4)Wcathcr-rcsitanccandabmsion-resistancc
ltisalsoobservedweather-resistanceandabrasion-resistanceareimproved
bypaintingandpermeatingofRF-Ioo．
